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Although many previous studies have examined the determinants of happiness in older
adults, few have investigated the association between pension types and happiness. When
compared to other conventional socioeconomic indicators, pension types may be more
indicative of long-term socioeconomic status as they can reflect a person’s job history over
their life course. This study examined the association between pension types and happiness
in Japanese older people.
Methods
Cross-sectional survey data from the Japan Gerontological Evaluation Study were used to
analyze the association between pension types and happiness. The study population com-
prised 120152 participants from 2013. We calculated the prevalence ratios of happiness for
the different pension types using Poisson regression models that controlled for age, sex,
marital status, equivalent income, wealth, education level, working status, occupation,
depression, and social support.
Results
After controlling for socioeconomic indicators, the prevalence ratios (95% confidence inter-
vals) of happiness for no pension benefits, low pension benefits, and moderate pension ben-
efits relative to high pension benefits were 0.77 (0.73–0.81), 0.95 (0.94–0.97), and 0.98
(0.97–0.99), respectively. However, the inclusion of depression as a covariate weakened
the association between pension types and happiness.
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Conclusions
While pension types were associated with happiness after adjusting for other proxy mea-
sures of socioeconomic status, the association diminished following adjustment for depres-
sion. Pension types may provide rich information on socioeconomic status and depression
throughout the course of life. In addition to conventional socioeconomic indicators, pension
types should also be considered when assessing the determinants of happiness in older
adults.
Introduction
Identifying the determinants of happiness is not only important for improving human welfare,
but also provides insight into factors that affect health and longevity. The recognition of these
determinants and the implementation of appropriate measures may lead to elevated health sta-
tuses, increased life expectancy, and lower medical expenses.
Previous studies on the determinants of happiness have mainly focused on demographic
and socioeconomic status (SES) factors, health status, longevity, health insurance, and social
support. Among these factors, happiness has been reported to be associated with high income
and high education levels [1–4], self-perceived health and longevity [5–9], health insurance
coverage and access to medical care [10,11], and robust social support systems [12,13]. How-
ever, few studies have examined the relationship between happiness and pensions [14,15]. Fur-
thermore, those studies have generally focused on participation in pension systems or
coverage, and little is known about the association between pension types and happiness. In
this study, as determinants of happiness in older adults, we emphasized income (about 70% of
which is pension for Japanese older adults) and health (especially mental health, such as
depression, as it affects all aspects of life) [16]. Depressive symptoms were shown to be associ-
ated with low happiness [17,18]. In particular, income has become increasingly important for
retirees and the elderly. Data from a panel of retirees aged 51–61 in the United States (Health
and Retirement Study: HRS), Bender (2004) showed that voluntary retirement, total revenues
(including pensions), and health affect satisfaction following retirement [19], and Panis (2003)
found that better health and higher income contribute to greater happiness, with pension
annuities increasing this sense of happiness and reducing depression [20]. We posited that
pension types would be associated with happiness because these may be indicative of SES and
depressive symptoms across a person’s course of life in Japan.
As lifespans continue to increase, older adults who rely solely on personal savings for living
expenses face an increased risk of exhausting their funds during their lifetimes. Because Japa-
nese public pensions offer pension benefits for the entirety of a person’s life, individuals with
higher pension benefits may have a stronger sense of financial security in their old age. In this
way, pension types may influence old-age poverty, economic anxiety, and depression. In Japa-
nese older adults, pension benefits account for an average of 70% of total income [21], and
89% of Japanese 65- to 69-year-olds received pension benefits in 2012 [22]. In addition, older
persons with high pensions generally receive more than three times the pension benefits as
older people with low pensions. It is therefore possible that pension types are indicative of
income disparities in older age. By focusing on pension types, we may be able to ascertain not
only income level and working status in each subject’s active working period, but also their
post-retirement income level. The purpose of this study was to examine the association
between pension types and happiness in Japanese older people.
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Methods
Study design and population
This study used data obtained from the Japan Gerontological Evaluation Study (JAGES) proj-
ect, which is an on-going prospective multi-wave cohort study that began in 2003. Data from
2013 were utilized for this analysis. The participants of the JAGES project comprise Japanese
older adults aged 65 years or older who have not been certified as needing long-term care ser-
vices. Using a questionnaire-based survey, the JAGES project asks participants about factors
associated with health status and its determinants in older age; these factors include health sta-
tus, depression, happiness, SES, and social capital [23,24]. Explanations of the study and the
self-reported questionnaire were sent by mail to the residents. They were informed that partic-
ipation was voluntary and that returning the self-administered questionnaire would be inter-
preted as implying consent.
The JAGES survey in 2013 sent questionnaires to 193,694 Japanese older adults from 30
municipalities. Participating municipalities and individuals were those who had previously
agreed to participate in the JAGES Survey. Responses were collected from 137,736 respondents
(response rate: 71.1%). From these respondents, 7996individuals were excluded because of
missing data in age and sex. Another 9588 individuals were excluded because they had failed
to provide information on pension types or happiness. Thus, with a final sample size for analy-
sis of 120,152 subjects, our overall coverage rate was 62.0%.
Dependent variable
Previous studies have generally measured subjective well-being using a single question such as,
“Taking all things together, would you say that you are very happy, pretty happy, not too
happy, or not happy at all?”. It has been shown that single-item measures of subjective well-
being have moderate reliability [25–27]. In this study, we measured self-perceived happiness
through the following question: “How would you rate your overall happiness level on a ten-
point scale of one (very unhappy) to ten (very happy)?”. This scale was employed because it is
the JAGES study’s sole measure of self-perceived happiness.
Based on this happiness scale, we constructed a binary variable of happiness to use as the
dependent variable in Poisson regression analyses. Happiness was defined as a self-rated score
of 7 to 10 points, and unhappiness was defined as a score of 1 to 6 points. This cut-off point
was determined using a previously conducted survey that found that the average happiness
score in Japanese older people was 6 points [28].
Pension types
Japanese pension systems can be categorized into three main types according to differences in
occupation and working status between the ages of 20 to 60 years. These three pension types
are the “National Pension Plan”, “Employees’ Pension and Mutual-Aid Society Pension Plan”,
and “Corporate Pension Plan”; for simplicity, these are referred to as “NA Pension”, “EM Pen-
sion”, and “CP Pension”, respectively. People who did not participate in any pension plan or
did not pay pension fees between the ages of 20 to 60 years do not receive any pension benefits
in old age.
The pension types are determined by working-age occupation and employment type across
a person’s life in Japan, and are therefore indicative of working-age income levels. NA Pension
is the basic pension plan for all pension beneficiaries, and constitutes the first pension pillar in
Japan. Beneficiaries who receive only NA Pension benefits are the self-employed, non-regular
workers, and the unemployed. EM Pension represents the second pension pillar. The
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beneficiaries of EM Pension had generally worked as regular employees in small and medium-
sized businesses or as civil servants, and receive both NA Pension and EM Pension benefits.
The beneficiaries of CP Pension, which is the third pension pillar, receive CP Pension benefits
in addition to NA Pension and EM Pension benefits. These beneficiaries had generally worked
as regular employees in large corporations, and their pension benefits are the highest among
the three pension types. The mean amounts of pension benefits received are, in decreasing
order, CP Pension (>0.15 million Japanese yen), EM Pension (approximately 0.15 million Jap-
anese yen), and NA Pension (approximately 0.05 million Japanese yen). Because pension bene-
fits account for approximately 70% of all income for Japanese older people, pension types are a
major contributing factor to an individual’s economic status.
Geriatric Depression Scale
Similar to Sun et al (2016) and Graham et al (2011), we considered depression as one dimen-
sion for assessing quality of life related to health. To assess depressive symptoms in older
adults, we used the Japanese version of the 15-item Geriatric Depression Scale (GDS) [29]. The
GDS score ranges from 0 to 15, with higher scores indicating more severe symptoms. The cor-
relation between happiness in our 10-point scale and the 15-point GDS scale was -0.584.
Although this correlation was fairly high, as it failed to achieve -0.7 and as happiness did not
equal GDS, we included GDS as a control variable.
We used a score of 5 and 10 as cut-off values for moderate and severe depression, respec-
tively, in accordance with the results of a previous validation study conducted in Japan.[29]
Covariates
Demographic variables included sex, age, and marital status. Age was categorized into the fol-
lowing four categories: 65–69 years, 70–79 years, 80–89 years, and90 years. Marital status
was categorized into married, widowed, divorced, never married, and others. SES indicators
included equivalent income (<2.00 million yen, 2.00–3.99 million yen, and4.00 million yen)
[30–32], wealth (<0.50 million yen, 0.50–0.99 million yen, 1.00–4.99 million yen, 5.00–9.99
million yen, 10.00–49.99 million yen, and50.00 million yen), education level (9 years, 10–
12 years, and13 years of formal education), and working status (currently working, retired,
or never worked). Equivalent income was defined as the income divided by square of number
of household members. Occupation was grouped into specialist/technician/manager, clerical
worker/sales/service jobs, labor, agriculture/forestry or fisheries, self-employed, other and
unemployed. Social support was analyzed as the receipt or provision of emotional support and
instrumental support.
Statistical analysis
Because the prevalence of unhappiness was 32.4% (greater than 10%), odds ratios with logistic
regression would tend to be overestimated [33]. We therefore performed Poisson regression
analyses with robust variance estimators to calculate the adjusted prevalence ratios (PRs) and
95% confidence intervals (CIs) of happiness for the different pension types after controlling
for sex, age, marital status, SES, GDS, and social support [34,35] Subjects who did not provide
information on the independent variables (except for pension type) were assigned to missing
data categories. The outcome variable of happiness was analyzed as a binary variable (happy:
score of 7 to 10; unhappy: 1 to 6).
We constructed three models with an increasing number of covariates. In Model 1, we
examined the associations between pension types and happiness after controlling for sex, age,
marital status, and social support. In Model 2, we also included the SES indicators (equivalent
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income, wealth, education level, working status, and occupation) to clarify whether the associ-
ations between pension types and happiness remained consistent even after controlling for
these factors. In Model 3, we further included depressive symptoms to examine if depression
functioned as a mediating variable. All statistical analyses were performed using SPSS version
24.0 software.
Ethics approval
Approval for this study was obtained from the Ethics Committee of Nihon Fukushi University
and the Ethics Committee of Kyoto University Graduate School of Medicine.
Results
Table 1 shows the subjects’ characteristics. Of the 120152 subjects, 46.9% were men. The mean
(standard deviation) age was 73.9 years (6.2). Approximately 67.6% of the sample perceived
themselves as being happy (happiness score7). Regarding the pension types, the proportions
of individuals with no pension (zero benefits), NA Pension benefits (low), EM Pension benefits
(moderate) and CP Pension benefits (high) were 1.4%, 29.4%, 58.3% and 10.9%, respectively.
Of the subjects, 62.0%, 16.3% and 5.5% reported having no depression (GDS <5), moderate
depression (5 GDS < 10) and severe depression (GDS10), respectively. The mean happi-
ness score was 7.3 (standard deviation: 1.9).
The JAGES dataset is not a representative sample of elderly people in Japan, so to validate it
for use in this study, we compared the values for each of the variables, age, sex, and wealth,
with corresponding values from representative samples of elderly people throughout Japan. It
was indicated that the values for these variables from our sample corresponded well with those
of representative samples [36,37].
Table 2 shows the differences in SES, depressive symptoms, and happiness according to
pension type. Among the subjects with high CP Pension benefits, there were higher propor-
tions of individuals who were happy. These individuals also tended to have a higher equivalent
income (4.00 million yen), higher education level (13 years of formal education), and no
depression.
Table 3 shows the results of the Poisson regression analyses. In Model 1 (which controlled
for sex, age, marital status, and social support), there were significant associations between
pension types and happiness. Compared to subjects with high CP Pension benefits, the PRs
(95% CI) of happiness for subjects with no pension, low NA Pension benefits, and moderate
EM Pension benefits were 0.67 (0.64–0.71), 0.88 (0.87–0.89), and 0.92 (0.91–0.93), respectively.
In Model 2 (which also included the SES indicators), the PRs (95% CI) of happiness for sub-
jects with no pension, low NA Pension benefits, and moderate EM Pension benefits were 0.77
(0.73–0.81), 0.95 (0.94–0.97), and 0.98 (0.97–0.99), respectively. Although the associations
between pension types and happiness had attenuated slightly in Model 2, they remained signif-
icant even after adjusting for the SES indicators. Finally, in Model 3 (which further adjusted
for depressive symptoms), the PRs (95% CI) of happiness for subjects with no pension, low
NA Pension benefits, and moderate EM Pension benefits were 0.85 (0.81–0.89), 0.99 (0.97–
1.00,) and 0.99 (0.98–1.00), respectively. The low and moderate pension types were no longer
significantly associated with happiness.
In the ordinary least-squares method (ranging from 1 to 10 points), pension types were
associated with happiness; this association, however, was weakened by adjusting for GDS.; this
association, however, is weakened by adjusting for GDS. Furthermore, the results were robust
even if the effects of pension types were allowed by an intersection term with a dummy vari-
able of retirement.
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Table 1. Descriptive characteristics of the study subjects(N = 120152).
Total N % Happy N % Unhappy N % p-value
Sex
Male 56334 46.9 36812 45.3 19522 50.2 <0.001
Female 63818 53.1 44421 54.7 19397 49.8
Age
65–69 34041 28.3 23280 28.7 10761 27.6 <0.001
70–79 62909 52.4 41688 51.3 21221 54.5
80–89 21727 18.1 15211 18.7 6516 16.7
90 1475 1.2 1054 1.3 421 1.1
Marital Status
Married 85505 71.2 59955 73.8 25550 65.6 <0.001
Widowed 24503 20.4 16165 19.9 8338 21.4
Divorced 4044 3.4 1952 2.4 2092 5.4
Never married 2672 2.2 1285 1.6 1387 3.6
Others 1033 0.9 464 0.6 569 1.5
Missing 2395 2.0 1412 1.7 983 2.5
Equivalent income
<2.00 million 51654 43.0 30625 37.7 21029 54.0 <0.001
2.00–3.99 million yen 38177 31.8 28624 35.2 9553 24.5
4.00 million yen or above 10727 8.9 9164 11.3 1563 4.0
Missing 19594 16.3 12820 15.8 6774 17.4
Wealth
<0.5 million 5210 4.3 2299 2.8 2911 7.5 <0.001
0.50–0.99 million yen 4803 4.0 2445 3.0 2358 6.1
1.00–4.99 million yen 13761 11.5 8106 10.0 5655 14.5
5.00–9.99 million yen 16179 13.5 10206 12.6 5973 15.3
10.00–49.99 million yen 38652 32.2 28845 35.5 9807 25.2
≧50.00 million yen 14328 11.9 12199 15.0 2129 5.5
Missing 27219 22.7 17133 21.1 10086 25.9
Education
≦9 years 49094 40.9 30382 37.4 18712 48.1 <0.001
10–12 years 44625 37.1 31042 38.2 13583 34.9
≧13 years 24576 20.5 18641 22.9 5935 15.2
Missing 1857 1.5 1168 1.4 689 1.8
Working Status
Never worked 13856 11.5 9358 11.5 4498 11.6 <0.001
Working now 27238 22.7 19058 23.5 8180 21.0
Retired 71197 59.3 47890 59.0 23307 59.9
Missing 7861 6.5 4927 6.1 2934 7.5
Occupation
Profession,Engineer,Manager 26039 21.7 18916 23.3 7123 18.3 <0.001
Clerical worker/sales/service bobs 37241 31.0 25943 31.9 11298 29.0
Labor 15932 13.3 9694 11.9 6238 16.0
Agriculture,forestry or fisheries/self-employed 12059 10.0 8020 9.9 4039 10.4
Others 10939 9.1 6709 8.3 4230 10.9
Never worked 6014 5.0 4253 5.2 1761 4.5
Missing 11928 9.9 7698 9.5 4230 10.9
Pension Types
(Continued)
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Discussion
To the best of our knowledge, this is the first study to examine the relationship between pen-
sion types and happiness using data from a large-scale study. Using JAGES project data from
2013, we found that the higher pension types were associated with higher levels of happiness.
Table 1. (Continued)
Total N % Happy N % Unhappy N % p-value
CP Pension(Rich) 13047 10.9 9480 11.7 3567 9.2 <0.001
EM Pension(Moderate) 70071 58.3 47543 58.5 22528 57.9
NA Pension(Poor) 35307 29.4 23468 28.9 11839 30.4
No Pension(Zero) 1727 1.4 742 0.9 985 2.5
GDS
No depression(GDS<5) 74480 62.0 60290 74.2 14190 36.5 <0.001
Moderate depression(5≦GDS<10) 19555 16.3 8217 10.1 11338 29.1
Depression(≧10) 6637 5.5 823 1.0 5814 14.9
Missing 19480 16.2 11903 14.7 7577 19.5
Receiving emotional support
Present 111119 92.5 76944 94.7 34175 87.8 <0.001
Absent 6398 5.3 2657 3.3 3741 9.6
Missing 2635 2.2 1632 2.0 1003 2.6
Providing emotional support
Present 107575 89.5 74824 92.1 32751 84.2 <0.001
Absent 8459 7.0 3909 4.8 4550 11.7
Missing 4118 3.4 2500 3.1 1618 4.2
Receiving instrumental support
Present 111930 93.2 77745 95.7 34185 87.8 <0.001
Absent 5608 4.7 1976 2.4 3632 9.3
Missing 2614 2.2 1512 1.9 1102 2.8
Providing instrumental support
Present 91844 76.4 63979 78.8 27865 71.6 <0.001
Absent 21765 18.1 13083 16.1 8682 22.3
Missing 6543 5.4 4171 5.1 2372 6.1
Happiness Score
1 point 1104 0.9 0 0.0 1104 2.8 <0.001
2 points 833 0.7 0 0.0 833 2.1
3 points 2071 1.7 0 0.0 2071 5.3
4 point 2716 2.3 0 0.0 2716 7.0
5 points 17149 14.3 0 0.0 17149 44.1
6 points 15046 12.5 0 0.0 15046 38.7
7 points 20228 16.8 20228 24.9 0 0.0
8 points 31401 26.1 31401 38.7 0 0.0
9 points 12664 10.5 12664 15.6 0 0.0
10 points 16940 14.1 16940 20.9 0 0.0
Happiness
Happy (Happiness score≧7) 81233 67.6 81233 100.0 0 0.0 <0.001
Unhappy (Happiness score<7) 38919 32.4 0 0.0 38919 100.0
Abbreviation: GDS, Geriatric Depression Scale.
https://doi.org/10.1371/journal.pone.0197423.t001
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The associations remained significant even after adjusting for SES, but lost their significance
after including depressive symptoms as a covariate.
The associations between pension types and happiness were in accordance with expecta-
tions, as pension types with higher benefits may be indicative of higher SES during both













(Zero) (Poor) (Mode) (Rich)
SES Equivalent income
<2.00 million 55.5 46.5 43.4 29.7 <0.001 5186.168
2.00–3.99 million yen 11.9 23.3 33.4 48.8
4.00 million yen or above 5.3 7.5 8.8 13.9
Missing 27.3 22.7 14.4 7.6
Education
≦9 years 50.9 49.9 39.1 24.5 <0.001 3456.290
10–12 years 30.3 34.3 37.6 43.4
≧13 years 16.2 14.0 21.8 31.0
Missing 2.5 1.8 1.4 1.1
Working Status
Never worked 19.1 23.7 6.7 3.5 <0.001 13880.457
Working now 29.3 25.2 21.0 24.3
Retired 41.6 38.5 67.9 71.0
Missing 10.0 12.6 4.4 1.3
Occupation
Profession,Engineer,Manager 14.2 9.3 24.9 38.8 <0.001 20172.543
Clerical worker/sales/service jobs 29.8 26.7 33.1 31.4
Labor 10.9 6.1 16.3 16.7
Agriculture, forestry or fisheries /self-employed 9.6 21.9 5.6 2.0
Others 15.3 9.9 9.3 5.3
Never worked 8.6 11.6 2.4 0.7
Missing 11.5 14.5 8.5 5.0
the number of employees at the company or organization where they
worked the longest
1–499 65.6 48.8 62.1 41.8 <0.001 27613.375
500–9999 2.8 4.6 16.7 32.4
10000 over 1.0 1.8 8.5 21.2
unknown 9.1 6.4 5.1 2.2
Never worked 9.3 15.3 2.4 0.8
Missing 12.2 23.1 5.2 1.6
GDS No depression(GDS<5) 41.3 56.8 63.2 72.3 <0.001 1796.081
Moderate depression(5≦GDS<10) 23.9 16.8 16.3 13.9
Depression (≧10) 16.1 6.1 5.3 3.8
Missing 18.6 20.3 15.3 10.0
Happiness Happy (Happiness score≧7) 43.0 66.5 67.8 72.7 <0.001 653.803
Unhappy (Happiness score<7) 57.0 33.5 32.2 27.3
Abbreviations: GDS, Geriatric Depression Scale; SES, socioeconomic status.
https://doi.org/10.1371/journal.pone.0197423.t002
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Table 3. Adjusted prevalence ratios with 95% confidence intervals for happiness in Japanese older adults derived from Poisson regression analyses (n = 120152).
Model 1 Model 2 Model 3
PR 95%CI p-value PR 95%CI p-value PR 95%CI p-value
Sex
Male 0.91 (0.90,0.92) <0.001 0.90 (0.89,0.91) <0.001 0.92 (0.91,0.93) <0.001
Female 1.00 1.00 1.00
Age
65–69 1.00 1.00 1.00
70–79 0.98 (0.97,0.99) <0.001 1.02 (1.01,1.02) 0.001 1.01 (1.00,1.02) 0.052
80–89 1.07 (1.05,1.08) <0.001 1.11 (1.09,1.12) <0.001 1.12 (1.11,1.13) <0.001
90 1.13 (1.10,1.17) <0.001 1.18 (1.14,1.22) <0.001 1.23 (1.20,1.27) <0.001
Marital Status
Married 1.00 1.00 1.00
Widowed 0.94 (0.93,0.95) <0.001 0.96 (0.95,0.97) <0.001 0.97 (0.96,0.98) <0.001
Divorced 0.76 (0.74,0.79) <0.001 0.83 (0.81,0.86) <0.001 0.86 (0.84,0.89) <0.001
Never married 0.80 (0.77,0.83) <0.001 0.84 (0.81,0.87) <0.001 0.85 (0.82,0.88) <0.001
Others 0.74 (0.69,0.79) <0.001 0.81 (0.76,0.87) <0.001 0.86 (0.81,0.91) <0.001
Missing 0.88 (0.85,0.91) <0.001 0.95 (0.92,0.98) 0.003 0.97 (0.94,1.00) 0.071
Equivalent income
<2.00 million 1.00 1.00
2.00–3.99 million yen 1.12 (1.11,1.13) <0.001 1.08 (1.07,1.09) <0.001
4.00 million yen or above 1.19 (1.18,1.21) <0.001 1.13 (1.12,1.15) <0.001
Missing 1.09 (1.08,1.11) <0.001 1.07 (1.06,1.08) <0.001
Wealth
<0.5 million 1.00 1.00
0.50–0.99 million yen 1.09 (1.05,1.14) <0.001 1.04 (1.00,1.08) 0.051
1.00–4.99 million yen 1.21 (1.17,1.25) <0.001 1.12 (1.09,1.15) <0.001
5.00–9.99 million yen 1.27 (1.23,1.31) <0.001 1.16 (1.12,1.19) <0.001
10.00–49.99 million yen 1.42 (1.37,1.46) <0.001 1.26 (1.22,1.29) <0.001
≧50.00 million yen 1.52 (1.47,1.56) <0.001 1.32 (1.29,1.36) <0.001
Missing 1.26 (1.22,1.30) <0.001 1.16 (1.12,1.19) <0.001
Education
≦9 years 1.00 1.00
10–12 years 1.05 (1.04,1.06) <0.001 1.03 (1.03,1.04) <0.001
≧13 years 1.10 (1.09,1.11) <0.001 1.08 (1.07,1.09) <0.001
Missing 1.02 (0.98,1.05) 0.350 1.02 (0.99,1.05) 0.254
Working Status
Never worked 1.00 1.00
Working now 1.04 (1.02,1.05) <0.001 0.99 (0.97,1.01) 0.251
Retired 0.99 (0.98,1.01) 0.518 0.99 (0.98,1.01) 0.281
Missing 0.99 (0.97,1.01) 0.360 0.98 (0.96,1.00) 0.075
Occupation
Profession, Engineer, Manager 1.00 1.00
Clerical worker/sales/service jobs 0.98 (0.97,0.99) <0.001 0.99 (0.98,1.00) 0.056
Labor 0.93 (0.92,0.95) <0.001 0.95 (0.94,0.97) <0.001
Agriculture, forestry or fisheries/self-employed 0.97 (0.95,0.98) <0.001 0.98 (0.97,1.00) 0.026
Others 0.93 (0.92,0.95) <0.001 0.95 (0.94,0.97) <0.001
Never worked 0.99 (0.97,1.01) 0.431 1.00 (0.98,1.03) 0.719
Missing 0.97 (0.95,0.99) <0.001 0.98 (0.97,1.00) 0.031
(Continued)
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working age and after retirement. Higher SES can reduce poverty, economic anxiety, and
depression, thereby leading to increases in happiness.
Many previous studies have focused on income, education level, and occupation as SES
indicators[1–4]. However, pension types may be more indicative of long-term SES as they can
reflect a person’s job history over their life course. We controlled for equivalent income and
wealth as indicators of SES in older adults in Model 2, and also controlled for GDS to indicate
working-age SES in Model 3. We had postulated that the associations between pension types
and happiness would be completely diminished after adjusting for SES due to the close rela-
tionship between pension types and SES. Contrary to our expectations, the associations
remained significant (albeit slightly weakened) even after adjusting for SES. Although pension
types also reflect SES, they are not simple proxies of conventional SES indicators. In this study,
the pension types were found to be stand-alone indicators of happiness. Pension types may be
associated with happiness independently of conventional SES indicators because pension ben-
efits can function as insurance for reducing old-age economic risks and associated anxiety.
Many older people have limited income and experience poverty caused by disease or unem-
ployment. Due to the uncertainties of life expectancy, the use of personal savings for living
Table 3. (Continued)
Model 1 Model 2 Model 3
PR 95%CI p-value PR 95%CI p-value PR 95%CI p-value
Pension Types
CP Pension(Rich) 1.00 1.00 1.00
EM Pension(Moderate) 0.92 (0.91,0.93) <0.001 0.98 (0.97,0.99) <0.001 0.99 (0.98,1.00) 0.267
NA Pension(Poor) 0.88 (0.87,0.89) <0.001 0.95 (0.94,0.97) <0.001 0.99 (0.97,1.00) 0.050
No Pension(Zero) 0.67 (0.64,0.71) <0.001 0.77 (0.73,0.81) <0.001 0.85 (0.81,0.89) <0.001
GDS
No depression(GDS<5) 1.00
Moderate depression(5≦GDS<10) 0.56 (0.55,0.56) <0.001
Depression(≧10) 0.18 (0.17,0.19) <0.001
Missing 0.78 (0.77,0.79) <0.001
Receiving emotional support
Present 1.00 1.00 1.00
Absent 0.79 (0.77,0.82) <0.001 0.80 (0.78,0.82) <0.001 0.85 (0.83,0.87) <0.001
Missing 1.03 (1.00,1.07) 0.066 1.03 (0.99,1.07) 0.094 1.02 (0.99,1.06) 0.237
Providing emotional support
Present 1.00 1.00 1.00
Absent 0.83 (0.81,0.85) <0.001 0.85 (0.83,0.87) <0.001 0.93 (0.91,0.95) <0.001
Missing 0.92 (0.90,0.95) <0.001 0.95 (0.92,0.98) 0.001 0.98 (0.95,1.01) 0.171
Receiving instrumental support
Present 1.00 1.00 1.00
Absent 0.63 (0.60,0.65) <0.001 0.65 (0.62,0.67) <0.001 0.75 (0.73,0.78) <0.001
Missing 0.89 (0.85,0.92) <0.001 0.90 (0.86,0.93) <0.001 0.91 (0.88,0.95) <0.001
Providing instrumental support
Present 1.00 1.00 1.00
Absent 0.98 (0.97,0.99) 0.003 0.99 (0.98,1.00) 0.036 1.00 (0.99,1.01) 0.495
Missing 0.97 (0.95,0.99) 0.001 1.00 (0.98,1.02) 0.695 1.01 (0.99,1.03) 0.178
Constant 0.83 (0.82,0.84) <0.001 0.52 (0.50,0.54) <0.001 0.67 (0.64,0.69) <0.001
Abbreviations: CI, confidence intervals; GDS, Geriatric Depression Scale; PR, prevalence ratio.
https://doi.org/10.1371/journal.pone.0197423.t003
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expenses at an older age is accompanied by the risk of prematurely exhausting all available
funds. As a result, these individuals are susceptible to stress and anxiety after retirement. On
the other hand, pensions provide a fixed income to older pensioners until death. In Japan, pen-
sion benefits account for approximately 70% of all income for older people, and there are wide
gaps in pension benefits among the different pension types. Therefore, the amount of pension
benefits can be a major contributing factor to economic anxiety in older adults.
It has been reported that low income was associated with depressive symptoms [38], and
that depressive symptoms were associated with low happiness [17,18,39–42]. Furthermore,
pension types reflect about 70% of income levels in older Japanese. Pension coverage have
been shown to reduce geriatric depression [43]. Those findings suggest that the association
between higher pension benefits and happiness may be due to the reduction of poverty, eco-
nomic anxiety, and especially depressive symptoms. In our analysis, this association weakened
substantially after further adjusting for GDS, which may have been influenced by the relation-
ship between pension types and depressive symptoms.
Limitations
This study has several limitations that should be acknowledged. First, this analysis adopted a
cross-sectional design, and causal relationships between pension types and happiness could
not be determined. However, happiness is unlikely to affect pension types, whereas pension
types may influence happiness. We plan to employ a cohort study approach (using the 2013-
2016/2017 JAGES data) to explore such potential causality. Second, the happiness measure was
based on a single item and was self-reported. Nevertheless, this measure has been commonly
used in previous studies and has shown to be moderately reliable [25–27]. More objective and
multiple-item measures of happiness should be considered for further studies. Third, pension
benefits were also considered to be associated with use of services such as health services, social
support, housing, and the bus or train. Future analyses should include these factors.
Finally, our survey sample included older Japanese participants who had not been certified
as needing long-term care services, so assuming that the happiness of those requiring long-
term care services is lower (due to poorer health), happiness may be overrated in our analysis,
and our findings may therefore have limited generalizability to Japanese older people with
more severe conditions.
Conclusions
In summary, we performed Poisson regression analyses using JAGES data to calculate PRs of
happiness after controlling for various covariates. The association between pension types and
happiness weakened slightly after controlling for SES, but remained significant. In addition to
SES, pension types should also be considered when assessing the determinants of happiness in
older adults.
Acknowledgments
This study used data from the Japan Gerontological Evaluation Study conducted by Nihon
Fukushi University’s Center for Well-being and Society. We are grateful to all study
participants.
Author Contributions
Conceptualization: Ichiro Sasaki, Yuichi Imanaka.
Data curation: Katsunori Kondo.
Are pension types associated with happiness in Japanese older people?
PLOS ONE | https://doi.org/10.1371/journal.pone.0197423 May 21, 2018 11 / 14
Formal analysis: Ichiro Sasaki, Yuichi Imanaka.
Funding acquisition: Katsunori Kondo.
Investigation: Katsunori Kondo, Naoki Kondo, Jun Aida, Hiroshi Ichikawa, Takashi Kusumi,
Naoya Sueishi.
Methodology: Ichiro Sasaki, Katsunori Kondo, Naoki Kondo, Jun Aida, Hiroshi Ichikawa,
Takashi Kusumi, Naoya Sueishi, Yuichi Imanaka.
Project administration: Ichiro Sasaki, Katsunori Kondo, Naoki Kondo, Yuichi Imanaka.
Resources: Ichiro Sasaki, Katsunori Kondo, Naoki Kondo, Jun Aida, Hiroshi Ichikawa, Taka-
shi Kusumi, Naoya Sueishi, Yuichi Imanaka.
Software: Ichiro Sasaki, Yuichi Imanaka.
Supervision: Katsunori Kondo, Yuichi Imanaka.
Validation: Ichiro Sasaki, Yuichi Imanaka.
Visualization: Ichiro Sasaki, Yuichi Imanaka.
Writing – original draft: Ichiro Sasaki, Yuichi Imanaka.
Writing – review & editing: Katsunori Kondo, Naoki Kondo, Jun Aida, Hiroshi Ichikawa,
Takashi Kusumi, Naoya Sueishi, Yuichi Imanaka.
References
1. Blanchflower DG, Oswald AJ. Well-being over time in Britain and the USA. J Public Econ. 2004; 88(7):
1359–1386. https://doi.org/10.1016/S0047-2727(02)00168-8
2. Ergin I, Mandiracioglu A. Demographic and socioeconomic inequalities for self-rated health and happi-
ness in elderly: the situation for Turkey regarding World Values Survey between 1990 and 2013. Arch
Gerontol Geriatr. 2015; 61(2): 224–230. https://doi.org/10.1016/j.archger.2015.06.011 PMID:
26153553
3. Sun S, Chen J, Johannesson M, Kind P, Burstrom K. Subjective well-being and its association with sub-
jective health status, age, sex, region, and socio-economic characteristics in a Chinese population
study. J Happiness Stud. 2016; 17(2): 833–873. https://doi.org/10.1007/s10902-014-9611-7
4. Oshio T, Urakawa K. The association between perceived income inequality and subjective well-being:
evidence from a social survey in Japan. Soc Indic Res. 2014; 116(3): 755–770. https://doi.org/10.1007/
s11205-013-0323-x
5. Graham C, Higuera L, Lora E. Which health conditions cause the most unhappiness? Health Econ.
2011; 20(12): 1431–1447. https://doi.org/10.1002/hec.1682 PMID: 22025388
6. Kye SY, Park K. Health-related determinants of happiness in Korean adults. Int J Public Health. 2014;
59(5): 731–738. https://doi.org/10.1007/s00038-014-0588-0 PMID: 25033934
7. Lawrence EM, Rogers RG, Wadsworth T. Happiness and longevity in the United States. Soc Sci Med.
2015; 145: 115–119. https://doi.org/10.1016/j.socscimed.2015.09.020 PMID: 26421947
8. Steptoe A, Deaton A, Stone AA. Subjective wellbeing, health, and ageing. Lancet. 2015; 385(9968):
640–648. https://doi.org/10.1016/S0140-6736(13)61489-0 PMID: 25468152
9. Yiengprugsawan V, Seubsman SA, Sleigh AC. Unhappiness and mortality: evidence from a middle-
income Southeast Asian setting. Biopsychosoc Med. 2014; 8: 18. https://doi.org/10.1186/1751-0759-8-
18 PMID: 25110517
10. Tran NL, Wassmer RW, Lascher EL. The health insurance and life satisfaction connection. J Happiness
Stud. 2017; 18(2): 409–426. https://doi.org/10.1007/s10902-016-9729-x
11. Keng SH, Wu SY. Living happily ever after? The effect of Taiwan’s National Health Insurance on the
happiness of the elderly. J Happiness Stud. 2014; 15(4): 783–808. https://doi.org/10.1007/s10902-013-
9449-4
12. Sakamoto R, Okumiya K, Norboo T, Tsering N, Wada T, Fujisawa M, et al. Health and happiness
among community-dwelling older adults in Domkhar valley, Ladakh, India. Geriatr Gerontol Int. 2017;
17(3): 480–486. https://doi.org/10.1111/ggi.12745 PMID: 27004736
Are pension types associated with happiness in Japanese older people?
PLOS ONE | https://doi.org/10.1371/journal.pone.0197423 May 21, 2018 12 / 14
13. Zhou Y, Zhou L, Fu C, Wang Y, Liu Q, Wu H, et al. Socio-economic factors related with the subjective
well-being of the rural elderly people living independently in China. Int J Equity Health. 2015; 14(1): 5.
https://doi.org/10.1186/s12939-015-0136-4 PMID: 25595196
14. Fang Z, Sakellariou C. Social insurance, income and subjective well-being of rural migrants in China—
An application of unconditional quantile regression. J Happiness Stud. 2016; 17(4): 1635–1657. https://
doi.org/10.1007/s10902-015-9663-3
15. Schatz E, Go´mez-Olive´ X, Ralston M, Menken J, Tollman S. The impact of pensions on health and well-
being in rural South Africa: does gender matter? Soc Sci Med. 2012; 75(10): 1864–1873. https://doi.
org/10.1016/j.socscimed.2012.07.004 PMID: 22884944
16. Calvo E., Haverstick K., & Sass S. A. (2009). Gradual retirement, sense of control, and retirees’ happi-
ness. Research on Aging, 31(1), 112–135.
17. Malone C., & Wachholtz A. (2018). The Relationship of Anxiety and Depression to Subjective Well-
Being in a Mainland Chinese Sample. Journal of religion and health, 57(1), 266–278. https://doi.org/10.
1007/s10943-017-0447-4 PMID: 28702737
18. DiMatteo M. R., Lepper H. S., & Croghan T. W. (2000). Depression is a risk factor for noncompliance
with medical treatment: meta-analysis of the effects of anxiety and depression on patient adherence.
Archives of internal medicine, 160(14), 2101–2107. PMID: 10904452
19. Bender, K. (2004). The well-being of retirees: Evidence using subjective data. Persistent link: http://hdl.
handle.net/2345/4209. This work is posted on eScholarship@BC, Boston College University Libraries.
20. Panis, C. W. (2003). Annuities and Retirement. RAND Working Paper, 03–17.
21. Ministry of Health, Labour and Welfare,Summary Report of Comprehensive Survey of Living Conditions
2011,2011. http://www.mhlw.go.jp/english/database/db-hss/cslc-report2011.html
22. Takayama Noriyuki and Shiraishi kousuke, Employees’ Pension Benefits and Their Retirement Deci-
sion in Japan: A Panel Data Analysis, The Japanese Pension Review, 2017, No. 6, pp.38–100. doi.org/
10.20739/nenkinkenkyu.6.0_38
23. Kondo K. Health inequalities in Japan: An empirical study of older people. Melbourne: Trans Pacific
Press; 2010.
24. Kondo K. Progress in aging epidemiology in Japan: the JAGES Project. J Epidemiol. 2016; 26(7): 331–
336. https://doi.org/10.2188/jea.JE20160093 PMID: 27349200
25. Krueger AB, Schkade DA. The reliability of subjective well-being measures. J Public Econ. 2008; 92(8–
9): 1833–1845. https://doi.org/10.1016/j.jpubeco.2007.12.015 PMID: 19649136
26. Lee Y, Hofferth SL, Flood SM, Fisher K. Reliability, validity, and variability of the subjective well-being
questions in the 2010 American Time Use Survey. Soc Indic Res. 2016; 126(3): 1355–1373. https://doi.
org/10.1007/s11205-015-0923-8 PMID: 27026752
27. Diener E, Wirtz D, Tov W, Kim-Prieto C, Choi DW, Oishi S, et al. New well-being measures: short scales
to assess flourishing and positive and negative feelings. Soc Indic Res. 2010; 97(2): 143–156. https://
doi.org/10.1007/s11205-009-9493-y
28. Cabinet Office, Government of Japan. The 2010 National Survey on Lifestyle Preferences. Available
from: http://warp.da.ndl.go.jp/info:ndljp/pid/10361265/www5.cao.go.jp/seikatsu/senkoudo/h22/
22senkou_02.pdf. Accessed Oct 10, 2017. (In Japanese).
29. Wada T, Ishine M, Sakagami T, Okumiya K, Fujisawa M, Murakami S, et al. Depression in Japanese
community-dwelling elderly—prevalence and association with ADL and QOL. Arch Gerontol Geriatr.
2004; 39(1): 15–23. https://doi.org/10.1016/j.archger.2003.12.003 PMID: 15158577
30. Tani Y., Fujiwara T., Kondo N., Noma H., Sasaki Y., & Kondo K. Childhood socioeconomic status and
onset of depression among Japanese older adults: the JAGES prospective cohort study. The American
Journal of Geriatric Psychiatry, 2016, 24(9), 717–726. https://doi.org/10.1016/j.jagp.2016.06.001
PMID: 27569265
31. Inoue Y, Stickley A, Yazawa A, Shirai K, Amemiya A, Kondo N, Kondo K, Ojima T, Hanazato M, Suzuki
N, Fujiwara T. Neighborhood Characteristics and Cardiovascular Risk among Older People in Japan:
Findings from the JAGES Project. PLoS One. 2016;7; 11(10):e0164525. https://doi.org/10.1371/
journal.pone.0164525 PMID: 27716825
32. Yanagi N, Hata A, Kondo K, Fujiwara T. Association between childhood socioeconomic status and fruit
and vegetable intake among older Japanese: The JAGES 2010 study.Prev Med. 2018; 106:130–136.
https://doi.org/10.1016/j.ypmed.2017.10.027 PMID: 29080826
33. McNutt L. A., Wu C., Xue X., & Hafner J. P. (2003). Estimating the relative risk in cohort studies and clin-
ical trials of common outcomes. American journal of epidemiology, 157(10), 940–943. PMID:
12746247
Are pension types associated with happiness in Japanese older people?
PLOS ONE | https://doi.org/10.1371/journal.pone.0197423 May 21, 2018 13 / 14
34. Barros A. J., & Hirakata V. N. (2003). Alternatives for logistic regression in cross-sectional studies: an
empirical comparison of models that directly estimate the prevalence ratio. BMC medical research
methodology, 3(1), 21.
35. Zou G. (2004). A modified poisson regression approach to prospective studies with binary data. Ameri-
can journal of epidemiology, 159(7), 702–706. PMID: 15033648
36. Ministry of Internal Affairs and Communications, Population, demographics, and number of households
based on the Basic Resident Register (as of January 1, 2017). (in Japanese)http://www.soumu.go.jp/
main_sosiki/jichi_gyousei/daityo/jinkou_jinkoudoutai-setaisuu.html
37. Ministry of Internal Affairs and Communications, Family Income and Expenditure Survey, Two-or-more-
person households,Table number 8–30, 2016.(in Japanese) https://www.e-stat.go.jp/en/stat-search/
files?page=1&layout=datalist&lid=000001180848.
38. Freeman A, Tyrovolas S, Koyanagi A, Chatterji S, Leonardi M, Ayuso-Mateos JL, et al. The role of
socio-economic status in depression: results from the COURAGE (aging survey in Europe). BMC Public
Health. 2016; 16(1): 1098. https://doi.org/10.1186/s12889-016-3638-0 PMID: 27760538
39. Jeon SW, Han C, Lee J, Lim J, Jeong HG, Park MH, et al. Perspectives on the happiness of commu-
nity-dwelling elderly in Korea. Psychiatry Investig. 2016; 13(1): 50–57. https://doi.org/10.4306/pi.2016.
13.1.50 PMID: 26766946
40. Dear K, Henderson S, Korten A. Well-being in Australia—Findings from the National Survey of Mental
Health and Well-being. Soc Psychiatry Psychiatr Epidemiol. 2002; 37(11): 503–509. https://doi.org/10.
1007/s00127-002-0590-3 PMID: 12395139
41. Yiengprugsawan V, Somboonsook B, Seubsman SA, Sleigh AC. Happiness, mental health, and socio-
demographic associations among a national cohort of Thai adults. J Happiness Stud. 2012; 13(6):
1019–1029. https://doi.org/10.1007/s10902-011-9304-4 PMID: 23304071
42. Stein M. B., & Heimberg R. G. (2004). Well-being and life satisfaction in generalized anxiety disorder:
Comparison to major depressive disorder in a community sample. Journal of affective disorders, 79(1),
161–166.
43. Salinas-Rodrı´guez A, Torres-Pereda Mdel P, Manrique-Espinoza B, Moreno-Tamayo K, Te´llez-Rojo
Solı´s MM. Impact of the non-contributory social pension program 70 y ma´s on older adults’ mental well-
being. PLOS One. 2014; 9(11): e113085. https://doi.org/10.1371/journal.pone.0113085 PMID:
25409468
Are pension types associated with happiness in Japanese older people?
PLOS ONE | https://doi.org/10.1371/journal.pone.0197423 May 21, 2018 14 / 14
